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Controle deTriatoma infestan&lug (Reduviidae: Triatominae) coBeauveria bassiana
(Bals.) Vuill.: Testes Preliminares sobre a Formulacgéo e a Aplicacdo em Campo

RESUMO - O fungdBeauveria bassianéBals.) Vuill., isolado CG 306, foi
testado contra d@riatoma infestangKlug) através de aplicacdo indireta por
contato do inseto com papel filtro tratado com conidios. O patégeno foi aplicado
sobre papel filtro através de filtragem a vacuo de uma suspenséao de conidios.
Foram feitas estimativas do tempo médio de sobrevivéncia entre 15 e 21 dias
nas densidades de 3%¥10 conidios/crf respectivamente, sem diferengas
significativas entre as concentrag@es. A concentracdo de 2¢bxiifios/crh

de CG 306 foi necesséria para matar 50% de ninfas de terceiro inskar de
infestan25 dias apds inoculacdo e incubacédo a 25°C e 50% de umidade relativa.
A CL, foi estatisticamente maior (2,0XXnidios/crf) quando os insetos foram
expostos por uma hora aos conidios distribuidos sobre papel filtro. Um
emulsificante a base de éleo mineral (2%) néo afetou a germinacéo de conidios
in vitro. Um ndmero menor de conidios foi necessario para matar 50% dos
insetos apos exposicao constante ao papel filtro tratado, em comparagéo com os
conidios ndo formulados com o emulsificante. Quando a exposicao foi limitada
a 1 h, os conidios ndo formulados foram mais efetivos do que conidios
formulados. Apos aplicacdo d& bassiana10’ conidios/cr) em pequenas
casas experimentais de madeira, seguida de liberacéo de ninfas de terceiro instar
deT. infestanso nivel de infec¢éo de insetos recuperados 25 dias ap6s aplicagao
com o fungo foi significativamente inferior as encontrado na casa-testemunha.
A mortalidade atribuida a infec¢do fungica de insetos recuperados e mantidos
em laboratério foi de 38,1 a 93,8%. A mortalidade de insetos expostos ao papel
filtro tratado e mantido em copos cobertos com gaze dentro das casas, foi de 35
a 78,8% 25 dias ap0s aplicagdo. A persisténcia dos conidios foi superior a 98%
durante os experimentos de campo. Nao houve desenvolvimétbaksiana

sobre cadaveres originados de infec¢cdo provocada em laboratério e
posteriormente expostos as condicdes de campo no interior das casas.
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PALAVRAS-CHAVE: Insecta, doenca de Chagas, controle biolégico,
Hyphomycetes.

ABSTRACT -Beauveria bassiangBals.) Vuill., isolate CG 306, was assayed
againsfTriatoma infestangKlug) using indirect application by contact with a
treated filter paper. The fungus was deposited on filter paper by vacuum-filtra-
tion of a conidial suspension. Estimates of 50% survival time of insects were
between 15 and 21 days at 3%afd 10 conidia/cn of treated support, respec-
tively, without significant difference between concentrations. A concentration
of 2.4x10 conidia/cm of CG 306 was necessary to kill 50% bfinfestans

third instar nymphs 25 days after inoculation at 25°C and 50% relative humid-
ity, when insects were continuously exposed to conidia. Thewas signifi-

cantly higher (2.0x10conidia/cm) when insects were exposed for 1 h to the
treated filter paper, than with continuous exposure. A mineral oil based emulsi-
fier (2%) had no effect on germination of conithavitro. Fewer formulated
conidia were necessary to kill 50% of insects after constant exposure to the
treated surface, compared with unformulated conidia. After a 1 h exposure,
unformulated conidia were more effective than formulated. After sprding
bassiana1(’ conidia/cnd) and releasing third instar nymphsTofinfestansn

small wooden test houses, the rate of insect recovery after 25 days was signifi-
cantly lower in the fungus treated houses compared to the control house. Mor-
tality due to fungal infection of recovered insects transferred to the laboratory
was between 38.1 and 93.8%, compared with no mortality in the control group.
The rate of mortality of insects exposed to treated filter paper in gauze covered
cups in the houses was between 35 and 78.8% after 25 days. Persistence of
conidia on filter paper exposed inside the houses was > 98% during the field
tests. There was no development of CG 306 on cadavers originating from labo-
ratory infection and exposed to field conditions in the houses.

KEY WORDS: Insecta, Chagas disease, biological control, Hyphomycetes.

Beauveria bassian@als.) Vuill. has been humidity on the infection dRhodnius prolixus
shown to be a promising candidate to controBtal withB. bassianand sporulation on ca-
Triatoma infestangKlug) (Reduviidae: davers in different typical domestic and
Triatominae), a serious vector of Chagas disperidomestic habitats in Colombia. Humidity
ease in Southern Latin America (Lezal. in microhabitats of triatomine bugs, particu-
1998a). Little data on the effectiveness ofarly in the domestic habitats, can be low and
entomopathogenic fungi against triatomineunfavorable for fungal development. TBe
vectors under field conditions are publishedbassiandsolate CG 306 was shown to be viru-
Climatic conditions are one constraint of fun-ent againsT. infestansit a temperature range
gal activity. Romafia (1992) testedBa between 15 and 30°C and at the low humidity
bassianaisolate onT. infestansunder field of 50% (Luzet al 1998a). Formulation of
conditions in Argentina and found that fun-fungal propagules may help to overcome
gal activity was limited by high and low tem- unfavorable climatic conditions and may in-
peratures, which varied between 10 and 30°@rease effectiveness of control. We report on
Luz (1994) reported on the limiting effect ofthe formulation and application of thB.
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bassianaisolate in the laboratory, using atube exceeded the conidial diameter. Assays
mineral-oil based emulsifier. Moreover, CGwere repeated four times. In each replicate,
306 was tested on infestansinder field con- 100 conidia were scored for germination.
ditions, focussing on infectivity, sporulation
on cadavers and persistence of conidia.  Insect infection in the laboratory. Conidia
were harvested and suspended in a) 10 ml of
Material and Methods 0.1% Tween 80 solution and b) an aqueous
solution of 2% mineral oil based emulsifier
Insect rearing. T. infestansvere mass-reared (Assist). Conidial suspensions were adjusted
in the laboratory. Insects were held at 25 %o provide 8 different conidial densities ¢10
0.5°C and 75 £ 5% humidity with a 3x10, 1@, 3x10, 1, 3x10, 10, 3x10 co-
photophase of aproximately 12 h. They weraidia/cn¥) on the treated surface after subse-
allowed to feed on chickens every two weeksquent vacuum-filtration on filterpaper,
The insect colony originated from ParanaMillipore 0.22 um (47 mm diameter). For
state, Brazil. each bioassay, 20 unfed, newly emerged third
instar nymphs were placed on the dried filter
Fungal culture. B. bassiangdCG 306), from paper in gauze-covered transparent cups (47
the fungal culture collection of Embrapa-Na-mm diameter x 75 mm) and exposed to the
tional Research Center for Genetic Resourcdangus either constantly during the experiment
and Biotechnology, was originally isolatedor for just 1 h and then transferred to an un-
from Thyanta perdito(Fabr.), a hemipteran treated filter paper. Assays were repeated four
insect, in Brazil. To maintain its virulence, thetimes. Control insects were placed on filter
fungus was passed oh infestansand paper treated with 0.1% Tween 80. Cups were
reisolated before each experiment. For laboclosed with gauze and held in a climate cham-
ratory tests, the fungus was subsequently cuber, set at 25 + 1°C and 50 + 5% humidity.
tured for 10-15 days on complete mediunMortality was recorded daily.
(0.001 g FeSQ 0.5 g KCI; 1.5 g KHPO,;
0.5gMgSQH,0,6gNaNQ 0.001gZnSQ  Insect infection in the field Conidia were
1.5 g hydrolysed caseine, 0.5 g yeast extractuspended in 2 | of 0.1% Tween 80. The con-
10 g glucose, 2 g peptone, 20 g agar and dentration was adjusted to’Xf®nidia/cn of
000 ml distilled water) at 27 + 0.5°C and atreated surface. The experimental plots were
photophase of 12 h. For field application, thesmall, windowless houses (about 2x2x2 m)
fungus was cultured on 100 g parboiled ricevith an inner wall surface of about 15 bwilt
with 5% molasses and 60 ml distilled watemwith wooden laths and covered by roofing
in Roux bottles for 10 days under conditiondiles. Four experimental houses were treated
mentioned above. Before field tests, conidiavith the fungal suspension and one control
were harvested directly by scraping andouse only with 0.1% Tween 80 (2 I/house),
sieving, dried over silica gel and stored at 4°Qusing a manual backpack sprayer (Jacto PJ
16 I, 10 ml/sec). After drying of the suspen-
In vitro germination of formulated conidia. ~ sion on the walls, 100 unfed recently molted
The possible detrimental effect of a mineralthird instarT. infestansnymphs were liber-
oil emulsifier (Assist, BASF) on the germi- ated in each house. Simultaneously, filter pa-
nation ofB. bassianavas tested in a liquid pers (7 cm diameter) were treated using the
complete medium. Increasing concentrationbackpack sprayer as mentioned above,
of the emulsifier (0; 0.006; 0.02; 0.06; 0.2;transfered to plastic cups and covered with
0.6; 2 and 6%) were tested at 25°C. Germinagauze. Twenty third instar nymphs were ex-
tion was examined 6, 12, 24 , 36 and 48 Iposed to each filter paper and the cups were
after inoculation. Conidia were considered tglaced in the five treated houses with four rep-
have germinated when the length of the gerrticates each. The walls and floor of the inner
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house were checked daily for dead triatominesrs were used. Appearance of external fungal
during 25 days. Mortality of insects in the cupgrowth on the cadavers and sporulation were
was also recorded daily. Temperature andcecorded daily.

humidity were monitored constantly in one

house and in a meteorological shelter next tBata analysis Angular transformed cumula-
the houses, using two hygrothermographgive mortalities were analysed by ANOVA and
Houses were then dismantled and checked foneans compared by cluster analysis (Scott and
dead and living insects. Living insects wereKnott 1974) The product-limit estimates of
captured and transferred to laboratory condBb0% survival time were calculated (Lee 1980)
tions at 25°C and 50% relative humidity.and analysed by ANOVA. Lethal concentra-
Triatomines inside the cups were also trangions (LG, and LG ) were calculated by
ferred to the laboratory. Mortality in labora- probit-transformation and compared by Wald-
tory was observed daily for 15 days. test. (SAS Institute Inc. 1989).

Persistence of conidia in the fieldviability Results
of conidia applied in the houses was tested
every 3 days for 25 days after treatment, siGermination in vitro. First formation of germ
multaneously with the insect infection. A striptubes was detected after 6 h of incubation of
of filter paper (20 x 3 cm) was fixed on thethe conidia in liquid complete medium with
inner house wall and treated as mentionedo emulsifier (2.8% germination) and with the
above. For every test of viability, a piece of dowest concentration, 0.006% (0.5% germi-
cm (6 cmi) was cut from the strip, vortexed nation). After 12 h, conidia had germinated
for 5 minin 5 ml 0.1% Tween 80, and 0.2 mlin all emulsifier concentrations with lower
were plated on complete medium to whichgermination rates at increasing concentrations
dihydrostreptomycin (1 g in 1000 ml) hadof the emulsifier (Table 1). No difference in
been added. Germinating conidia were exanthe rates of germination was observed after
ined about 10 h after inoculation, counting 10@4 h of incubation and germination was higher
conidia in 4 different Petri plates for everythan 98% for all treatment levels.
house.

Insect infection in the laboratory. Mortal-
Sporulation on cadaversFungus killed third ity of T. infestanghird instars exposed to co-
instars, originating from laboratory infection nidia treated surface increased with the dose
with CG 306, were placed in Petri plates anénd was higher after a constant exposure to
exposed to field conditions in the houses. Ithe treated surface than for one h exposure
each house, four dishes each with 25 cadayFig. 1). However, at the highest concentra-

Table 1. Effect of an emulsifier on conidial germinatioBobassiandCG 306) in liquid
culture at 25°C.

Concentration of emulsifier (%)

Exposure 0 0.006 0.02 0.06 0.2 0.6 2.0 6.0
time (h)
12 70.8 46.0 54.8 51.0 35.8 40.3 35.8 24.5

(2.3)a (2.5)bc (2.5 ab (2.5)abc (2.4)bc (2.5 bc (2.4)bc (2,2)c

Four different counts of one hundred conidia per sample. Percentage of germination (+ stand-
ard error), means followed by different letters are significantly diffe0.05), SNK-test.
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Figure 1. Cumulative mortality (%) @t infestanghird instar nymphs after one h exposure
(A; B) or constant exposure (C; D) for 25 day8tdoassianaonidia on treated surface at 8
different doses (#o 3x10 conidia/cnd) and subsequent transfer to untreated support. Co-

nidia were applied unformulated (A; C) and formulated (B; D) with a mineral oil-based emul-
sifier (2%).

tion of conidia (3x10 conidia/cn), insect was < 20% after 30 days, independently of
mortality started later and less insects werghe period of exposure to the treated support.
killed in the first days after treatment com-Estimates of 50% survival time of insects ex-
pared to lower concentration (1Xknidia/ posed constantly to doses between 3ah@l
cn?). This was particularly noticeable after a3x10’ conidia/cn? are shown in Table 2.
constant exposure of insects to formulatedANOVA on estimates of survival time showed
conidia. At the lowest concentrations of co-no significant effect of formulation (F = 0.23;
nidia (1¢ up to 106 conidia/cnd), mortality P = 0.6358; df= 1) nor density of conidia (F
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Table 2. Estimates of 50% survival time in days (95% C.IT) offestanshird instars after
exposure to different doses of formulated and unformulated coniBiabafssiandCG 306)
on filter paper?!

Density of conidia/crh
Formulatior 3x1C¢ 10 3x10
Water
(Tween 80) 15 21 15
(12-25) (16-30) (15-17)
Oil-water
(emulsion) 13 12 16
(11-16) (11-18) (15-18)

Four replicates of 20 individuals each were tested.
2Conidia were applied using a 0.1% Tween 80 solution and an oil water emulsion with a
mineral oil (2%).

=1.51; P=0.2481; dE 2) applied. Mortality survived for 20 days (95% C.I. = 17-40) ex-
after 40 days was not enough to calculate eposure to unformulated conidia.

timates of 50% survival time at a 1 h expo- Values of LG and LG calculated 25 days
sure, except at a maximal dose of 3xd@- after application are shown in Table 3. Esti-
nidia/cnt. At this dose, 50% of the insectsmates were obtained by fitting a model of

Table 3. Lethal concentrations (L,@nd LG ) and respective 95% Confidential Intervals
(95% CI) calculated fof. infestanghird instar nymphs treated with bassiangCG 306)
formulated and unformulated conidia 25 days after expasure

Time of LC LC

50 90
exposuré Formulatiold (Conidia x 1@/crr¥) (Conidia x 1@/cn?)
(95% C.1.) (95%cC.1.)
1h Water 2.0 120.0
(Tween 80) (1.0-4.4) (43.0-410.0)
1h Oil-water 4.8 280.0
(emulsion) (2.2-12) (94.0-1.2)
Constant Water 0.2 14.0
(Tween 80) (0.1-0.4) (6.1-39.0)
Constant Oil-water 0.1 7.0
(emulsion) (0.07-0.2) (3.2-18.0)

IEight doses between “@nd 3x10conidia/cn were tested with 4 replicates of 20 individu-

als each.

?Insects were exposed to the treated filter paper constantly or for one h and then transferred to
untreated filter paper.

3Conidia were applied unformulated or formulated using an oil water emulsion with a mineral
oil (2%).
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probit regression with a single slope and difin the experimental houses was 43.4% (SEM
ferent intercepts for each treatment. The + 3.6%) after 25 days and 72.8% (+ 3.3%)
choice of this model was preceded by after 40 days.
likelyhood ratio-test in order to compare it  During the assay some insects were ob-
with a reduced model which considers a sinserved moving on the inner walls, but no dead
gle slope and different intercepts for the prininsects were found. After 25 days, recovery
cipal effects, being time of exposure and presf living insects was 21% in the first and sec-
ence/absence of emulsifier. The reducednd houses, 12% in the third house, 16% in
model was rejectegf= 15.63, P < 0.001, df the fourth and 31% in the control house. A
= 1), indicating a significant difference be-significant difference was observed between
tween the principal effects. The adjustedhe recovery rates in the fungus treated houses
model indicates that a significant differenceand the control housg= 8.30, P = 0.0040).
exists between 1h and constant exposure. Tiigne and 4 cadavers were found in the first
model also shows that the presence of thend fourth house respectiveB. bassiana
emulsifier caused a higher L Gfter 1 h ex- developed on all cadavers after transfering to
posure (P =0.098) but a lower | @fter con- a humid chamber. Mortality among recovered
stant exposure of insects to the treated sufiving insects transferred to laboratory condi-
port (P = 0.069). tions of 25°C and 50% humidity, was 38.1%
for insects from the first house, 47.6% for the
Insect mortality in the field. The estimates second, 66.7% for the third and 93.8% for the
of 50% survival time of the insects held infourth house after 15 days exposure. Most
gauze-covered cups on fungus treated filteradavers showed sporulation after incubation
paper in the different houses varied betweeat saturated humidity. In the same period, only
14.5 and 34 days (Table 4). Survival time ir9.7% of the insects found in the control house
the first, second and fourth houses differedlied and showed no fungal development on
significantly from that in the third housg?6é  cadavers. A highly significant difference was
87.6, p < 0.001), due to the reduced survivabbserved between cumulative mortalities of
time in the third house. Mean mortality dif- insects originating from treated houses and the
ferences between treated and untreated insecisntrol house at day 4%= 49.59, p <

Table 4. Cumulative mortality after 25 and 40 days and estimates of 50% survival time
(days) ofT. infestanshird instar nymphs, exposedBobassiandCG 306) treated filter paper
and kept in gauze-covered cups inside the héuses

Houses Mortality % (mean * SE) Estimates of

50% survival timé
Day 25 Day 40 (95% C.1.)

1 37.5(x5.4) 67.5 (£ 9.2) 34 (27-38)

2 35 (¢ 5.3) 68.8 (£5.2) 31 (29-38)

3 78.8 (+ 4.6) 100 14.5 (12-19)

4 42.5 (£ 5.5) 75 (£ 4.8) 28.5 (25-34)

Control 5(x2.4) 5(2.4) =

Four replicates of 20 individuals each were tested. Living insects were transferred to labora-
tory conditions (25°C and 50% RH) after day 25 and observed on day 40.

2Estimates of 50% survival time calculated over 40 days.

SMortality within 40 days was not enough to calculate an estimate of 50% survival time.
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0.0001). of temperature and humidity. Doses of 2.4x10
conidia/cn, after constant contact to the
Survival of conidia and sporulation on ca- treated support, and 2.0XX®nidia/cni, with
davers. Survival of conidia on treated filter 1-h exposure, were necessary to kill 50% of
paper tested every three days was maximé#hird instars compared to 8.9X¢bnidia/ml
throughout 25 days of the test. Conidia in alkfter submersion in the conidial suspension
four treated houses germinated with a rate df.uz et al. 1998a). Application method and
> 98% during this period. No sporulation ofexposure time on the treated filter paper ob-
B. bassianan the fungus-killed cadavers ex-viously influenced the amount of conidia con-
posed inside the houses was observed duritigcted by tested insects.
the 25-day period of the experiment. In our tests, doses higher thari éonidia/
cn? did not enhance the fungal effectiveness.
Temperature and humidity during field Interestingly, fungal effectiveness was re-
tests.Minimum daily temperatures in the ex-tarded at the maximal doses tested. &Lal.
perimental house, where temperature wagl999) also reported a retarded emergence and
monitored, varied between 15 and 22°C wittconidial production of CG 306 and other
a mean of 17.7°C and were higher than thodgassianasolates on cadavers ®f infestans
in the adjacent meteorological shelter whiclinsects treated with higher conidial doses,
had temperatures between 11 and 20°C anccampared to lower doses. Compounds induc-
mean of 15.6°C. Maximum temperatures werég self-inhibition of conidial germination at
also higher in the house than in the meteordiigh inoculum dose have been demonstrated
logical shelter and varied between 25 anéh different fungal species (Garraway and
32°C with a mean of 26.7°C compared to 2Evans 1984) and may be the reason for re-
to 31°C in the shelter with a mean of 25.5°Ctarded mortality at the highest doses tested.
Maximum humidity was higher in the shelter  Triatomine vectors can survive long peri-
varying from 85 to 99% compared to humid-ods without feeding, as shown by Letzal.
ity between 67 and 98% in the experimenta{1998b) forR.prolixusunder fluctuating tem-
house. Periods of humidity > 97% never experatures and humidities. During the present
ceeded 8 hin the shelter and 4 h in the exper@ssays, insects were not fed to avoid the im-
mental house. Due to heavy rainfall in the firspact of alimentation on insect susceptibility
three days after treatment, humidity duringo fungal infection. The influence of nutritive
these days was elevated, compared to the fatatus orR. prolixussusceptibility to infec-
lowing days. Minimum humidities were found tion with B. bassianaparticularly when fun-
to be lower in the shelter from 28 up to 80%gus was inoculated 1-2 days before molting
with a mean of 46.6%. In the houses, miniwas observed (Luz 1998). However, insects
mum humidities varied between 33 and 76%tarved for prolonged periods were as suscep-

with a mean of 53%. tible toB. bassianas those recently molted.
The mineral oil-based emulsifier had no
Discussion detrimental effect on conidial germination

even at 6%. At 2% emulsifier, the recom-

High mortalities inT. infestanshird instars mended dose for field application in pest con-
treated withB. bassianavere observed in the trol, formulated conidia were more effective
laboratory assays. However, much lower moragainsfT. infestanshan unformulated conidia
tality was observed when insects were exafter constant exposure to the treated support.
posed to treated filter paper even at high cdBurvival of formulated conidia seems to be
nidial densities (3xI@onidia/crd) than when higher than unformulated conidia. However,
insects were treated by submersion in the canformulated conidia were more active after
nidial suspension (I@onidia/ml), as shown a 1 h exposure than formulated conidia.
by Luzet al.(1998a) under similar conditions  In preliminary field tests, mortality oF.
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infestanstreated with unformulated conidia fore insect exposure.
was reduced and retarded in comparison to Methods of fungal formulation and appli-
laboratory tests. The low recovery of thirdcation may enhance survival of conidia and
instars liberated in the experimental housesffectiveness against target pests under field
was probably due to the small size of the ineonditions. Ingliset al. (1997) obtained low
sects, which were able to hide in the smalield efficacy ofB. bassianagainst grasshop-
cracks of the wooden house. Predators sugders using a 1.5% emulsifiable oil-emulsion
as ants, spiders and lizards continuously oland presumed unfavorable environmental
served during tests in the houses may hawnditions for the fungus. Other formulations,
lowered the populations. Moreover, ants maguch as one using cotton seed oil used to for-
be one reason for the low recovery of deadhulate Metarhizium flavovirideGams &
insects. The larger size of later instars maRRozsypal conidia, have been shown to be ef-
facilitate detection of living insects and deadective at low humidity in locust control
specimens may be more difficult to be car{Bateman 1997). However, ultra low volume
ried away by ants. application of oil-formulated conidia used
There is no information currently avail- against locusts does not seem adequate for use
able about conidial doses of entomopathoin houses. Spraying methods with improved
genic fungi applied under field conditions topenetration of conidial formulation into the
control triatomine bugs. The dose of £6- treated zone seem to be more promising in
nidia/cnt used in the present study in the fieldriatomine insect control. Nocturnal triatomine
was distinctly higher than doses normally usethsects are hidden in their domestic habitats
in the control of insect pests. Poneeal and this makes it hard to spray the insects di-
(1992) reported the most effective dose to beectly with a conidial suspension during treat-
10" B. bassian&onidia/ha (10conidia/crd)  ment of houses. Triatomine insects must be
to control the banana pe§osmopolites contaminated with conidia while moving on
sordidus(Germ.). However, doses of 7.5%40 treated surfaces.
conidia/plant were also used to control the Results found in laboratory and field con-
sugar cane pesAntitrogus consanguineus ditions confirm thaB. bassianas a promis-
(Blackburn), withMetarhizium anisopliae ing candidate to control the vector of Chagas
(Metsch.) Sorok(Allsopp et al 1994). diseaseT. infestansHowever, to enhance and
During the field test, maximal humidity stabilize infectivity, more investigations on
of 97% or higher in the fungus treated houseformulation, application and evaluation un-
was never maintained longer than 8 h duringler field conditions are necessary.
one diurnal cycle. Under these conditions, the
fungus was not able to emerge and sporulate Acknowledgements
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